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‘ “& i“nyestigation”of the character~stlcs of ‘a wing .’
with an aspect ratio”of 9:0 and”ah NACA .65-21o airfoil .-
section has .been.made ati,Mach “numbers Up to 0.925. Th”~.,
wing tested has a taper ratio ?f”Z..5:l.O, no twist,
dihed~al, or’sweepback, ”ahd’20-percent-chord z7 .5-percent-
semispan plain aileron9. .The results showe~:that serious
changes ,in,the normal-~orce char.a:cteristi”csoccurred when
the-”llachnumber..,svasincreased &bove O. ~ at angles of .

8attack ,b.etweenk~:an’d-”lOoand,above O. 0 at 0° angle of
attiac’k.“ Becaps.e;of. siihllout~o’ard shifts in the lateral
center of load, the bending moment at.the root for condi-
tions corresponding to a 5g pull-out at an altitude of
35,~00 feet increased by approximately 5 percent when the .
Mach number was increased from 0.77 to 0.90. Vihen the
Mach number was increased beyond 0.83 the’negative pitching
moments for the high anglds of at’tack increased, whereas
those for the low angles of attack decresk+ed with a .
resulting l-:rge increase, in the negative slope of the.
pitching-moment curves. A large }ncr~as”e.oc’curred in the
values of the drag coefficients for the range of lift
coefficients needed for level flight at an qlti.tude of-
35,000 feet when the Mach number w= “increased bwo.nd .?L~.
value of 0.80. The wakes at a station ,2482root chords
behind the wing..quar$er.-.chordline extended approximately
a chord;above” the-w“ing chord line for the angles of attack
required to recover from high-speed dives at high Mach-
numbers ●

., ..,.
INTRODUCTION “

,,..’ ,.

The recent development”of turbine-jet units of
relatively high thrust a-de‘p”ossiblethe
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consideration of jet-propelled airplanes with maximum
speeds greater than 500 miles per hour. UnfZl the present *
time, however, very little information has been available
on the aerodynamic characteristics of the component parts

.

of an airplane designed to operate at these high speeds,
In order to.design such a high-speed airplane properly,
more information about these characteristics at high and
low speeds was npeded~ The NACA has undertaken a broad
research program to supply this additional information.
Tn conjunction with this program a series of tests have
been made on a high-aspect-ratio wing in the Langley 8-root
high-speed tunnel in order to detemiine the effects of’
compressibility on the characteristics of such a wing at
Mach numbers approaching unity. Included in the series
of tests were investigations of’the”+basicwing character-
istics, ‘aileron characteristics, effects of dive brakes
and a dive-recovery flap, and.downwash fluctuations: The
results of the f~rjstinvestigation are piese”ntedherein,
The results of the other investigations are presented in
references 1, 2, and 3, respectimly. ~ ‘. . ..-

The results presented herein include the normal-force, u
‘. span-loading, .pi.tching-moment,drag, and wake-width data

for the wing alone with unreflected strat~ht-sided ailerons.
DEita
—.

for Ma;h n~bers up to 0.92~ are pre;ented~
.—

., .-

a,

c

SYMBOLS “

Symbols are defined as follows:

speed of.sound in undi~turbed stream, feet per second
,.

S~Ope Qf ‘nOtid-fOI?Ce ,Curve (dCN/da), per degree
,, ..

span of’model.,

eff’ect’ivearea
(49s5)

feet (3i15) j ‘ ,
..

of ‘tunnel’cross seotion, square feet
.,.

lift coefficient
,

section chord of model, feet

average model cHoTd, ~feet”(Otfi)

.. ——

—
—

—

.
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mean aerodynamic chord (M.A.C.], feet (0.37)

loss of total rmessure in wake

lift on model, pounds

Mach number (V/a)

pit thing moment

static pressure
square foot

about-25-percent-chord

in undisturbed stream,

1ine

pounds per

local static pressure at a point on airfoil sec-
tion, pounds per square foot

()P-pressure coefi’icient —
q ‘0/

dynamic pressure,
()

12
pounds per square foot Tyv

area of model, square feet (1.10)

velocity in undisturbed streain,feet per second

distance along chord from leading edge of section,
feet

distance along semis~an from wing center line,
feet

distance from root section to center of lift, feet

angle of attack, degrees

ratio of specific heats

mass density in undisturbed stream, slugs per
cubic foot

Subscripts:

cr . critical

L lower surface

u upper surface

of airfoil section

Or airfoil section

,.
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The coefficients are

Cn

c-m

271/b
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defined as follows: .

section normal-force coefficient

do

section pitching-moment coefficient shout
25-percent-chord station” .

wing

wing

!
lC

1
Cm=—

~2 (Pu -
()

pL)x-~~

‘o

normal-force ‘coefficient

qb/2

CN’Z I
s Jo

cc~.Ry

pitching-moment coefficient
chord station

]?b/2

.

t ‘“

about 25-percent- b

/

2’
cmc/4 = ~ C2Cm dy

$()

bending-moment coefficient:for root section
— . .- .

4
I

lb/2

CB”~ CnCy dy

do -

lateral position of center of load;.: .

2y1 CB
—=- ..
b CN

—

..
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~B60 bending-moment coefficient for 60-percent-
semispan station

4
f

0.5b

CB60 = ~ ccn(Y - 0.3b) dy

!k).3b

cB@N design index for bending moments at 60-percent
semispan station

c Do wing profile-drag coefficient

cDi wing induced-drag coefficient

wing total-drag coefficient

CD = CDO+ cq-

APPARATUS

The Langley 8-foot high-speed tunnel, in which the
tests were conducted, is of the single-return, closed-
throat type. The Mach number at the throat is continuously
controllable. The air-stream turbulence tn the tunnel
is small but slightly higher than in free air.

The wing tested has an NACA 65-210 airfoil section,
an aspect ratio of 9.0, a taper ratio of 2.5:1.0, no
sweepback, twist, or dihedral, a tip having ordinates
given in table I, and a 20-percent-chord, 37.5-percent-
semispan plain aileron that extends from the 60-percent-
semispan station to the end of the straight psrt of the
trailing edge. The wing, as tested, is shown in figure 1.
The effective span of the model is 37.8 inches, the root
chord is 6 inches, and the tip chord is 2.4 inches. Other
dimensions are given in figure 2. The ordinates of the
NACA 65-210 airfoil used for the inboard sections are
resented in table II.

[
For the sections outboard of the

O-percent-span station, the ordinates ahead of the
80-percent-chord station are the same as those given in
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table IT but from 80-percent “chord to the trailing edge.
the contours of these secti,onsme -straight lines. The
wing was machined from medium har”dbrass. li?heailerons
were machined from steel and are attached to the wing by
small hinges.

Twenty static-pressure orifices were placed at each
of eight stations along the wing s~an, The approximate
chordwise locations of these orifices at each station are
shown in figures presenting pressure-distribution data.
The spanwise locations of the stations are 11, 20, 30,
.43,56, 64.,80, and95 percent of the semispan. ~e four
inboard stations were placed on the left half of the wing
and the four outboard stations were,placed on the ri~t
half.

The model was supported in the tunnel by means of a
vertical steel plate as shown in fi”gure l(b). The plate
was designed to have zero velocity gradients in the direc-
tion of the stream and to produce minimum variations in
velocity along the span near the t&st region at the Mach
numbers scheduled. The profile of the plate is a modified
ellipse, the ordinates for which are presenked in table III
and the dimensions and construction+ details of the plate
are shown in figure 3. The angle qf attack of the model
was changed during the test by the mechanism shown in
figure 3. The steel pressure tubes in the model were
connected to t“ubesthat passed through the hollow part
of the ~late and were co~ected to m~ltiple-tube manometers.
Wake su>veys were,made by a rake, which has 42 total-”
pressure tubes and 7 static-pressure tubes, placed behind
the model as shown in figures l(c)-_and~. The vertical
spacing of the total-pressure tubes varies from 0.1 inch
at the center of the rake to 2 inches at the tips of the
rake. The rake is supported in the tunnel by means of’a
horizontal strut, the leading edge of which is approxi-
mately 5’inches behind the trailing edge or the vertical
support plate. ,.

METHODS AND PROCEDURES

Support System

The use of a vertical steel plate
the model was chosen for the following

-.=-.-----”-

as the support of
reasons:

.

k

J -—

-.

--

1

P“
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-.
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(1) The large, unknown interference effects produced
at high Mach numbers by struts of the usual type were
completely eliminated.

(2) Inasmuch as the plate effectively produced a new
test section, the frontal area of the model was the only
factor contributing ta choking of the air stresm. The
highest possible choking Mach number that could be obtained
in an 8-foot circular tunnel with a model of the size
tested was therefore realized.

(3) The necessity of having a portion of the model
enveloped by a relatively thick boundary layer, as would
be the case if a semispan model had been supported at the
tunnel wall, was avoided.

(4) The symmetrical installation eliminated the
possibility of unsymmetrical choking or of cross flows,
such as would.be expected if a semispan model, mounted
from the tunnel wall or from a reflection plate near the
wall, were employed,

Calibration Tests

A series of calibration tests of the tunnel air stream
were made with the support plate installed both with and
without the wake-survey-rake support strut installed.
Static pressures were determined at 30 points on the plate
and at 36 points on the tunnel wall at Mach numbers up
to 0.95 with and without the model in place. The calibra-
tion tests with the model were made for angles of attack
of 0°, 4°, and 9° and a series of tests were also made to
determine the static pressures and the angles of flow at
the model position. A combination of a calibrated static
head and a yaw head mounted on the wake-survey-rake
support strut was used for these tests.

A comparison of the static pressures measured on the
surfaces of the plate and walls and by the static-pressure
tube indicates that the Mach number and dynamic-pressure
variations in the air stream in the region of the model
are small. The variations in these values at the surfaces
of the plate in the direction of the air stream are less
than 0.2 percent through distances of 1 foot from the model
position at all Mach numbers up to 0.90. The vertical
variations are less than 0.2 percent through distances
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of 2 feet from the model. position. The spanwise varia-
tions ane-lese than 3..0percent through & distance of ‘
20 inches from the plate and 2.5 percent from the plate
to the wall at Mach numbers up to 0;90. The dynamic
pressures used to obtain the coefficients were determined
from averages of the pressures measured near the model
position.

,.

The angularity of the stream flow in a horizontal
plane has been found to be less tharjO.1o, t~is value
being the limit of’the accuracy of the calibrating
instrument.

Limiting Test Mach Numbers

The tunnel choked at the support plate at a Mach
number of 1.0 without the model in -place. The tunnel
choked at the model at an uncorrected Mach nmnber of C?.95
with the su’pportplate and model in place. Numerous tests
have indicated that the data obtained in a wind tunnel
when choking occurs at the model ar:enot ap~licable to
the prediction of wing characteristics for f’r”eeair
(reference 1~), The data obtained at the c~-king Mach ‘
number of 0.?5, therefore, have not been p“r~gen”ted.

Static-pressure measurements made on the tunnel wall
and model support plate at an uncorrected Mach number
of 0.925 in~cate that there is a perceptible tendency
toward choking at the plane of the model at this Mach
number. The results obtained at th~s Mach ntiber, even
if completely corrected for the usual effects of tunnel-”
wall interference, may not, therefore, indicate the flight

--

k

—

.—

b.

k’;

characteristics. .The-general trends, however, are believed
to be illustrated by the results obtained at this Mach
number. -.

with the support strut for the.wake-survey rake in
place the tunnel choked at this strut when the uncorrected
Mach number at the plane of the model was 0,88z. As
previously mentioned, a calibration” test wa”smade with
the wake-survey strut in place. fie results of this test
show that no invalidating choking6ffects occur at the

.

plane o,fthe model when the tunnel chokes at the survey
strut. Choking at the stirveystrut simply-imposes a P
limitation on the maximum test Mach number-instead of
affecting the applicability of the results. The data on
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the model with the w,@ke-survey strut in”’pl@ce““banthus
be asstied’tio‘be -correct up to the ‘c&king “Mach number
of the.-wake-~urvey -qti.uk”and data up to this Mach number
have been pres%n.t:ed.

,

.,, . . . . ..
.“. .”. . : ,..

., .-. . ,..,.,,.” ‘“ “Tests

All normal-force and pitching-moment. data were”,.”
obtained from.pre~sure -distribution .measur&ents an”d‘all
drag data:ivefie-ebb~imed”~rornwake surveys. The pressure
and wake.’.measurementswere madb during separate test runs,
Pressure- dstribution measurements were made at the
following uncorrected Mach numbers and angles of attack’:
for Mach numbers of O.LOO, 0.600, 0.760, 0.800, 0.825,
and 0.850 at angles of attack of .-2°, OQ, 2°, ~“, 7°,
and 10°; for Mach ntuqbers of.O,.>OO.Y and:O.92~, at angles
of’attack of 0°, ~; hn”~”-a.nd70~ ‘The pressures at the
16o orifices in the wing were recorded simultaneously by
photographing the multiple-tube manometers.

Wake-survey measurernentS w_er6rn~”deat six spanwise
stations 1.10 root chords behind the 25-percent-chord
line of the wing. These stations were. 20, 4.0, 60, 80,
95, and 102 pe~cent of Lthe wing semi.span’from the wing
support plate. These measurements were made for uncor-
rected Mach nunbers of o..L,00,0.600, 0.72 , 0.760 0.800

20.850, and 0.8~3 at,,a~gle-~-attack of O , zo, @ and76s
In order to obtain wake-width measurements at a typical
tail location, wake ‘surveys were made at.a station
2.82 root chords behind the 2~-percent-chord line of the
wing and 0.265 semispan from the plate,..... -.,---..............““ .‘-.-.

Corrections f’orTunnel-Wall Interference

Calculations using .the methods~of references 5 to 8
have been made to esti.mate.t~e~-magnttudeof the effect of
tunnel-wall inte’rf’er-en~eon’ the Mach number, the dynamic
pressure, and the normal torte, pitching”moment, and drag.
Three types of interference have been considered:

(“1)Model. constriction
,. ,..

. (2) Wake con’striction
..!

(3) Lift vortex interference



-.,

.,. 7.- --;; -*;-—

NACA RM No. L6H28a10 —

.

The basic formulas employed to determine the effects of
solid blockage and lift vortex interference are taken
from reference 5. The formulas for--wake constriction
have been developed from reference 6* hlostof the cor-
rections for effects of’ cotip’ressibility,are”from ‘ref-
erence 7, and further corrections for these effects came

.

from reference 8. The followin~ expressions were -
For the

useas
effectsof model. and wake c~hstric’tion,

,-., .,.

?b\2

‘/

, ... -,
0.051 (’1 + o.4M2j

C2 dy +
c3/2(1 . ~2)2

-b\2 4C(1 - M2)~
CDS

AV—-
v-

., ,,and ~<.-;.:,..
.

;. .
,.(

.
‘AM ‘AV—=—.,,

)

l.JQM; .:’
M V ...2 .,.

.

.
;- ..,. .—

.,

.
‘ “Aq’”.~ .’ .“7,“.

T ““v. (2, - M2) ., ..: ,,,. . ..
,, ,,. ) ,:.. r’ L ‘-

,.,

effbc’ts::~f”l~~’~i’v~rt.ex”’interferon’~e} ,::Foh the

—:,

.,

0 ● 598~(L= + J-@c/4)
Au =

qc 3/2 ~-yz

.

The magnitudes of the corrections’ obtained by the
use of these,@xpressionshave been fcn.zndto bever’y small
even at test Mach. numbers upto s.ndincludi.ng.0;90. ‘At .

#

this Mach number, the corrections to &he Mach number vary
.,. ,,. ,.

“: :, ...,,i.’ ‘.
.:

-- ,. . ---

,; . --.,.?.., !. .,. . . ,, <,.
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from 0.4 percent at an angle of attack of 0° to 1 percent
at 10o. The corrections to the coefficients for the lift
vortex interference are even smaller, The corrections,
the greater part of which arise from wake constriction,
have been applied to all data obtained at test Mach numbers ‘
up to and including 0.90. The results obtained by the use
of tine aforementioned expression for the wake-constriction
corrections have been compared with wake-constriction
corrections determined by use of static pressures measured
&t the tunnel wall and the results of the two methods have
been found to be substantially in agreement at test Mach
numbers up to and including 0,90. It may be assumed,
therefore, that no significant errors exist in the results
for these Mach numbers as a consequence of tunnel-wall
interference.

Corrections obtained by the indicated expressions
for data obtained at a Mach number of 0.9Z~ are much
larger than the corrections for the lower Mach numbers;
the corrections to the Mach numbers amount to as much as
2.5 percent, whereas those to the coefficients amount to
3.0 percent. Because cf the close proximity of this Mach
number to choke and to the speed of sound, these correc-
tions are possibly unre~able. No corrections have been
applied to the results obtained at this Mach number.

Corrections for Model Inaccuracies

During the construction of the model a washout of 0.3°
developed in the right half of the wing. In addition, the
wing was inadvertently tested with approximately a 0.30
negative aileron angle. The effects of these inaccuracies
were indicated by the results of the tests made at an angle
of attack of -2°, which is very close to the zero-lift
condition at low Mach numbers. The distributions for
this angle at low Mach numbers were not zero across the
span but showed a slightly negative normal force at the
tip . All the span load distributions have been corrected
for these inaccuracies by the use of cross plots of sec-
tion normal-force coefficient against angle of attack.
The moment coefficients have also been similsrly cor-
rected.

Because of its relatively great torsiopal stiffness,
the twist of the model due to air loads was small at all
Mach numbers; calculations indicate that the twist was
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less than 0.05° for all conditions. NO corrections have
been made for the effect of this twist.

RESULTS

Effects of Reynolds

The Remolds numbers obtained

Number

durin~ the tests varied
from 900,005 at a Mach number of 0,)+00t; 1~400,000 at a
Mach number of 0.907. These values are considerablylower
than those for an airplane wing in flight. –An indication
of the effects of such a difference”in Reyn51ds number on
the characteristics of the NACA 65Q2.1oairfoil section
with and without ailerons may be obtained by referring
to the two-dimensional data obtained for this section at
various Reynolds numbers in the Langley two~dimensional
low-turbulence pressure tunnel (references 9 and 10).
The effects of Reynolds number vatii.ation~at supercritical
Mach numbers have not been fully established; however, the
results of tests made on airfoils at superq?itical Mach
numbers for various Reynolds numbers (reference 11) indi-
cate that at these Mach numbers the effects_of variations
in the Reynolds number are of secondary imp~rtance in
comparison with the predominating e,ffectsof compressi-
bility.

—

b

.-

*

“i-

,-.. _.

Pressure-Distribution Measurements

In order to illustrate the chsmges in the chordwise
pressure distributions caused by compressibility effects,
representative pressure distributions f’orthe 30-percent-
semispan station are presented in figure L and similar
data for the 95-percent-semispan station are shown in
figure 5. The chordwise pressure-~stribution diagrams
for all the spanwise stations have”been integrated to
determine section normal-force coe~ficients and pitching-

-.

moment coefficients. These coeffi.qientshave been used
to determine the spanwise variatio~s in section loadings
and moments. The spanwise variations in s=ction loadings
are presented in figure 6. The spanwise-load distribu- i

tions have been integrated to determ~ne th~ total normal
forces and the moments of these farces about the root

The variations of the normal-force-coefficient
*-

chord.
with Mach number and angle of attack are presented in

@3&J!mmiijji$.—.- ..
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figures 7 and 8, respectively. Because the accuracy of
the results obtained at a Mach number of 0,925 is affected
to an unknown extent by choking tendencies and tunnel-wall
interference, all curves obtained by the use of these
results are shown as broken lines. (See fig. 7.)

The slopes of the normal-force curves measured at “
values of the norinal-force coefficient corresponding to a
wing loading of 60 pounds per square foot at an altitude
of 35,000 feet are presented in figure 9 as a function of
Mach number. The lateral positions of the centers of the
load on the wing in terms of the semispan are presented
in figure 10. These values were obtained by dividing the
values of the bending-moment c~fficient by the corre-
sponding values of normal-force coefficient. The lateral
centers of load on the wing in terms of the semispan have
been determined for an approximate 3g dive recovery and
were obtained for the various Mach numbers at the angles
of attack corresponding to a wing loading of 180 pounds
per square foot at an altitude of 35,000 feet. (~ee fig. 11.)
The critical stresses may not occur at the root but at
same outboard station. To illustrate the changes in the
bending moments that occur at the outboard stations, the
bending-moment coefficients about the 60-percent-semispan
station were computed by obtaining moments of the areas
of the section-loading diagrams from the 60- to the
100-percent-semispan stations and dividing the moments
thus obtained by the total area of the wing. The results
were divided by the corresponding normal-force coeffi-
cients for the complete win

f
to obtain design indices for

the bending morr.entsat the O-percent-semispan station.
Values of these indices are nresented in figure 12. ‘The
variation of section normal-force coefficients for the
30- and 95-percent- semispan stations with Mach number at
angles of attack of Oo and 4° is presented in.figure 13.

For all angles of attack and Mach numbers, the span-
wise variations in section moment factor are presented
in figure 14. The wing pitching-moment coefficients based
on the mean aerodynamic chord have also been determined.
The variations of these coefficients with Mach number for
various values of angle of attack sre presented in
figure 15. The pitching-moment coefficient is plotted
against normal-force coefficient for various values of
Mach number in figure 16.
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In all figures that include data for several angles
of attack at a given Mach number (figs. 4, 5, 6, 8, ~,
16, 18, 20, and 21), the average values of the corrected
Mach numbers for the several angles of attack are listed.
me actual values of the corrected Mach numbers for the
various angles of attack vary by less than 0.003 from %lxl.s
average at a Mach number of 0.907.

.

Wake-Survey Measurements

The total-pressure and static-pressure measurements
made during the wake surveys at the aix spanwise stations
have been reduced to,total wing prqfile-drag coefficients
by use of the expressions presented in reference 12. The
results are presented in figures l~”and 18.

The profile-drag coefficients.at normal-force coef-
ficients corresponding to wing loadings of 60 and
80 pounds per square foot at an altitude of”-35,000 feet
for the various Mach numbers have Bben determined. The
induced-drag coefficients for the same normal-force coef-
ficients have been computed. The variations of the total-
drag coefficients with Mach number for the two wing
loadings are presented in figure 19. For a.wing loading
of 60 pounds per square foot the induced-&”ag coefficient
is 0.0083 at a Mach number of 0.600 and 0,0017 at a Mach
number of 0.890. For a wing loattlngof 80 pounds per
square foot the induced drag coefficient is 0.0147 at a
Mach number of 0.600 and 0.0031 at-a Mach mmber of 0,890.

The vertical variations of AH\q at a typical
horizontal-tail location, a station 2.82 root chords
behind the 25-percent-chord line and 0.265 semispan from
the plate are presented in figure 20, Part of the wake-
survey results obtained 1.,40root chords be%ind the
25-percent-chord line of the JO-pe~cent-sernispan station
are presented in figure 21 to ,show the ratq of the
vertical spre”adof the wing wake with distance from the
wing trailing edge. All wake dimensions are given in
terms of the chords behind which the measurements were
made,

.

—

—
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DISCUSSION

Normal-Force Characteristics

No erratic changes in the normal-force characteristics
are caused by compressibility effects at Mach numbers
below the point or force break, which varies from a Mach
number of about 0,7

$
at angles of attack between 4° and

and 10° to about O. 0 at 0°’angle of attack. Beyond this
Mach number, the normal force for a given angle of attack
decreases rapidly (fig. 7 ). AS a result there is an
increase in the angle of zero litt and a decrease in the
slope of the no~lal.force curve as shown in figure 9.

At angles of attack near the design condition, the
changes in the normal-force characteristics occur at Mach
numbers that are approximately 0.06 or 0.07 above the
critical values, that is,the Mach numbers at which the
local speeds of sound are exceeded at some point on the
wing (fig. 7). At the angles of attack at which a nega-
tive pressure peak exists near the leading edge, however,
the changes in the normal-force chaiiacteristics occur at
Mach numbers 0.08 to 0.25 greater than the critical
values. The Mach numbers at which the break in the
normal-force coefficients occurs at the various angles
of’attack agree quite closely with the unpublished results
obtained during tests of a two-dimensional NACA 65-210
airfoil section at Reynolds numbers approximately the
same as those of the present tests in the Ames 1- by 3~-foot

high-speed tunnel. This agreement indicates that the
three-dimensional relieving ef~ect, described in refer-
ence 13, was limited to the tip sections of the wing
tested and the effect of’this relief on the over-all char-
acteristics is therefore negligible.

The data obtained at a Mach number of 0.925 indicate
sharp increases in the normal-~orce coefficients for all
angles of attack when the Mach number is increased beyond
a value of 0.907. Results obtained in an open-throat
tunnel where choking effects were considerably different
f’romthose present during these tests indicate similar
increases for other airfoil sections in the same range
of Mach numbers (reference 11).
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The changes occurring above the points of force break
will produce severe effects on the trim and stability

“

characteristics of an airplane with the wing tested.—

Span Loadings...,
.—

The spanwise load distributions measured for low Mach
numbers are nearly the same as those predicted by use of
the charts presented in reference 14. (See fig. 6(a). )
Figure 10 indicates that at angles ‘of attack of 2°, ,4°,
7°, and 10° the lateral centers of load move outboard
when the Mach number is increased f~om about 0.77 to 0.90.
When the Mach number is increased beyond.0,90, the center
of load moves inboard. At a Mach number of 0.925, the
center of load is approximately at ihe same-position as
it is at a Mach number of 0.80. ‘“”

Figm.’e 11 indicates that, as a result of the general
outboard shift in the load, the beri~ingmoment produced
at the root of the wing with a load”ingof the magnitude
that would occur during a rapid recovery from a dive

●——

(approx. 3g at an altitude of 35,0(50ft) is increased by
5 percent when the Mach number is increased from O.7”~ w
to 0.90. This increase produces bgnding moments that are
only 2.5 percent greater than thos~-predicted by the
charts of reference ~~. A comparison of fi~u”re 10 and
figure 12 indicates that for a given change in Mach nunber
the bending moments at the 60.percent-semispan station
increase more rapidly than do those at the “root section.
If the maximum stresses in the wing structure occur at
this station, this fact must be considered.

At the lower angles of attack corresponding to level-
flight conditions, the outboard mof?ements ~f the lateral
center of load are relatively large. Inasmuch as the
stresses that occur at these angles,of attack aro not
critical, such outboard shifts do not alter thq structural
‘requirements of a wing. These shifts would produce
considerable changes in the downwa$h at the tail for a
given lift coefficient, however, and thus wduld cause
changes in the trim and stability characteristics of an .
airplane in addition to the changes in these charactez’-
istics produced by the reductions-in lift “coefficients
and the changes in pitching-moment coefficients. @

--- –-?---.-.
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Pitching-Moment Characteristics

Extremely large and, in some cases, erratic changes
occur in the pitching moments when the Mach number is
increased beyond the point of force break as indicated
in figure 15. Large increases occur in the negative
pitching moments for all angles of attack when the Mach
number is increased to 0.83. At this Mach number the
negative pitching-moment coefficients for the angles of
attack corresponding to design lift coefficients are more
negative, When the Mach number is increased beyond 0.83,
the negative-pitching-moment coefficients for the high
angles of attack continue tm increase, whereas those for
the low angles decrease. At a Mach number of 0.907 the
pitching-moment coefficient for an angle of attack of 7°
is -0.117, whereas that for an angle of attack of 2°
is 0.012. Figure 16 indicates that there are only slight
differences in the pitching-moment coefficients about the
25-percent-chord line at Mach numbers up to about 0.76.
At Mach numbers greater than 0.76 the slope of the pitching-
moment curve becomes negative. When the Mach number is
increased beyond 0.83, the negative slope of the pitching-
moinent curve increases rapidly and this change produces
a lsrge Increase in the stability of the airplane. The
data obtained at a Mach number of 0.925 indicate sharp
increases in the negative pitching moments for all angles
of attack when the Mach number is increased beyond a value
of 0.90 (fig. 15).

The neutral axis of most wing structures passes
through points near the kO-percent-chord stations of the
wing sections. The maximum measured twisting moment
about this LO-percent-chord axis occurs at a Mach number
of 0.600 for an angle of attack of 70. The changes in
the twist due to the variations in the pitching moments
will further change the distributions of lift on a wing
with resulting changes in the trim and stability charac-
teristics of an airplane.

Drag Characteristics

The drag coefficient for a given angle of attack
remains essentially unchanged when the Mach number is
increased up to the critical value (i?ig.17). At angles
of attack near the desire condition the dr~ starts to
rise when the critical Each number

~

is reach~d and rises



18 NACA RM No. L6H28a

abruptly at a Mach number about 0.06 greater than the
critical value (fig, 17). At an angle of attack of 0°

.

the critical Mach number is approximately 0.74; the drag
coefficient starts to rise at about the same-Mach number
and rises abruptly at a Mach number of approximately 0.80.
The data are insufficient to define exactly the Mach
numbers at which the drag rises at higher angles of
attack. A rough interpolation of the data obtained at
these angles of attack indicates, ho-wever, that the drag
does not start to rise until the cr$tical Mach number is
exceeded by at least 0.08 and the drag does ‘%ot rise
abruptly until the critical Mach number is e~ceeded by
at least 0.12.

Figure 19 indicates that for a level-flight wing
loading of 60 pounds per square foot at an altitude of
35,0~0 feet the drag rises abruptlywhen the Mach number
is increased beyond a value of’0,80. An increase in the
wing loading from 60 to 80 pounds per square foot does
not change the Mach number at which the drag-rise occurs
by an appreciable amount. A comparison of the data for
the two wing loadings indicates that, even for the super-
critical Mach numbers, the increase. in drag-coefficient
produced by increasing the wing loading is less than the
resulting decrease in area, The drag for a–given lift
would tlnereforebe smaller f~r the higher wing loading.

.

.

.—.
The results indicate that an airplane with a wing

similar to the one tested cannot fly at Mach numbers
greater than about 0.80 without a considerable margin of
power above the value calculated to-be needed at th<s
Mach number by use of low-speed drag coefficients. In
order to obtain level-flight Mach numbers appreciably
greater than 0.80 without the use Of excessively high
amounts of power, the wing design must be changed
radically. Until the present time $he usual method of
increasing the Mach number at which the rap~d rise in
drag coefficient occurs has been to change the wing
section, in particular, the section.thickness ratio. A
reduction in the thickness of a wifigwith a plan form
similar t-othat of the model tested to a value less than
10 percent would result in only a relatively small
increase in the Mach numbers at which the rapid rise in

.

drag coefficient occurs and Would at the same time result
in serious structural difficulties-and, as shown in refer- +
ence 10, in a large decrease in the maximum lift coeffi-
cient of the wing. The results presented herein indicate,— .,

—



N.ACARM No. 1.6H28a
-

19

consequently, that a Mach number of
maximum that can be obtsined with a

0.80 is the practical
wing having a conven-

tional high-aspect-ratio plan form wittiut the use of
excessive amounts of power.

The data presented in reference 13 indicate that the
Mach number at which the arag rise occurs on a wing with
a given airfoil section can be increased by a considerable
margin by decreasing the aspect ratio. A reduction in
aspect ratio obviousiy also permits a higher structural
efficiency if the same sections are used Or it ~llows the
use of thinner sections for a given structural efficiency.
The use of a thinner section would result in a further
increase in th~ Mach number at which the rise in the drag
coefficient occurs. References 15, 16, and 17 indicate
that the use of sweepback or sweepforward also delays the
Mach nu~ber at which the drag rise occurs by large incre-
ments. The use of lower aspect ratios, sweepback, or
sweepforward therefore offers possibilities for efficiently
attaining flight Mach numbars greater than 0.80.

Section Characteristics

The chordwise pressure distributions measured for
spanwise stations of 11-,ZO-,30-,.43-,56-.,6h-,and 80-percent
semispan are similar at &li test conditions up to those
at which the wing begins to stall. The pressures obtained
at the 30-percent-semispan station are presented as typical
of the distributions obtained at these seven stations
(rig. /+), When the Mach number is increased up to the
critical value, the pressure coefficients for the various
angles of attack increase at rates that are nearly equal
to those predicted by the Glauert-Prandtl approximation.

When the Mach number is increased beyond the critical
value at a given positive angle of attack, the pressures
near the leadin~ edgo of. the upper surface become more
positive and the pressures near the trailing edge of this
surface become more negative. The pressure coefficients
on the lower surface continue to increase in magnitude
gradually. (See fig. l(d) to fig. ~(f) .) The changes
in the ~ressures on the up~er surface, which are associated
with the nresence af supersonic velocities and separation
on this surface, result in the reductions of the wing
normal-force coefficients. the increases in the negative
wing pitching-moment coef~icients,

~-

and the large ificreases
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in the

NACA RM No. L6H2Sa-------- .

win~ drag coefficients shown in fimmes 8, 15, .
and 17, re~pect~vely. When the MacE numb& is incr~ased
beyond approximately o.8cj3at angles of attack from 0°
to 4° the critical Mach number for the lower- surface is
exceeded. The pressures near the leading edge of the
lower surface then become more positive and the pressures
near the trailing edge become more negative. The pressure
coefficients on the upper surface c%ntinue to change in
the same manner as at lower Mach nfiber (fig. 4.(f’)and
:::: 4(g)). AS a result of the chahges on the lower sur-

the wing”pitchi.ng-moment coef~icients “becomemuch
more>posltive. When the Mach numbe% is inc~ased boyo”nd
a value of approximately 0.907, a large increase in the
negative pressure coefficients on the rear part of the
upper surface occurs. The mean ne@tive pressure coeffic-
ient on the lower surface decrease’s at the”same time
(fig. )+(h)). Because of these cha~es the Fing norrnal-
force coefficients increase (fig. ~} and the pitching-
inoment ‘coefficients become more negative (fig, 15) . ‘

A comparison of figures 4.and 5 indicates that at a
given Mach number the chordwise pre,~sure distributions
measured at the 95-perCent-semispan, station differ con-
siderably from those measured at the 30-per~ent station
which is typical of the seven inboard statio-ns. At sub-
critical Mach numbers these differ-~nces in the pressure
distributions are due to two f’acto~s. ~he primary factor””
is that the sections near the tip .Q~erate 6T local angles
of attack that are considerably smaller than the local

——

angles of attack of’the inboard sections. A secondary
factor is that the three-dimensiond> relievlnG effects,
described in reference 13, are stronger ne@ the tip than
at the inboard stations and consequently tie pressure co~f-
ficients at the quthoard stations ~or a given local anglo
of attack are considerably more -positive than at the
inboard stations, As a result o-fthese lar–ge”spanwise
variations in the chordwise press@”e distributions the
critical Mach numbers for the 95-percent-se’mispan s“tation
are considerably great,er than the critical “values for th,e
inboard stations. For an angle of attack of 0° the
critical Mach number is approximat’e’l’y0:7.4at the
3C1-percent-semispan station and ap~roximately 0.78 at the

1
5-percent- semispan station. For Zn angle of attack of
0 the critical Mach number is approximately 0,58 at the

30-per cent-semispan station and ap~roxlmately 0,65 at the
95-Percent-semispan station, .

.—

*
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Because of the Ligher critical Mach numbers at the
95-percent-semispan station, the changes in the pressure
distributlous and section characteristics prod~ced by the
onset of shock occur at higher stream Mach numbers at this
station than at the inboard station. The Mach number at
which the normal-force c~efficient for a given angle of
attack starts to decrease is, however, approximately the
same for botln the 95- “and 30-percent-seinispan stations
(rig. 13). This fact is at least partly due to the reduc-
tions of the local angles of attack at the outboard sta-
tions that result from changes in the induced velocities
associated with the reductions of the normal-force coef-
ficients at the inboard stations. A comparison of the
pressure recoveries at the trailing edges of the
30- and 95-percent-semi span station (fig. h(g) and
fig. ~(c)) indicates that when the Mach number is increased
to high supercritical values the increase in separation
at the outboard stations is less severe than at the
inboard stations. As a result, at these Mach numbers,
the reductions in the normal-force coefficients are less
pronounced at the outboard stations than &t the inboard
stations (fig. 13). Since these variations are limited
to the tip of the ‘wing they nave little effect on the
over-all characteristics of a wing with an aspect ratio
similar to that of the wing tested.

Figure 20
the wake width
tion increases

viakeWidths

indicates that for all angles of attack
at a station near the probable tail loca- -
rapidly when the Mach number is increased

beyond the critical value. For an U-gle of attack of 2°
at a Mach number of 0.890, the wske extends tg a point
0.35 chord above the wing chord line extended. The wake
extension is not beyond the region of tail locations used
on present-day airplanes. For the higher angles of attack
used to recover from high-speed dives, the wakes extend
approximately a chord above the wing chond line, In order
to reduce the probability of tail btifetlng ai~dsevere
losses in tail effectiveness, the tail si-louldbe placed
above the wake.

A comparison of the results of figur~ 21 with those
in figure 20 indicates that the wake widths behind the
wing spreads rapidly at supercritical Mach numbers. At
an angle of attack of 7° at a position l.10-root chords
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above the wing chord line for the angles of attack required
to recover from high-speed dives at high Mach numbers,

Langley Memorial Aeronautical Laboratory
National Advisory Committee for Aeronautics

Langley Field, Va.
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TAEL2 I

DIMENSIONS OF WING-TIP SHAPE IN INCHES

t See fig. 2]

Plan-form contour

Distance f~om
tip, yt

o
.026
.053
.079
.10
.153
.2 6
. 1
i● 7;

Distance from
tip, yt

0.026
.053
.079
.105
.158
.236
.1$1
● i ’73

Distance forward of
25-percent-cliord
line, xf

-,

-0.360
.@~
.176
.268
● 37
.136

—

Distance rearward
of 25-percent-
chord line, Xr

I .-

Section cofitour

Lower-surface _
ordinate, zL

Upper-surface
ordinate, zu

0.076
.093
.105
● 113
.126

J
.1 8
.7
●151
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. TABLE 11

ORDINATES FOR NACA 65-210 AIRFOIL

[Stations and ordinates in percent of wing chord ]

Upper surface I Lower surface I

Station I Ordinate I Station

o

i!● 35
78

1:169

i:%;
~ .~;~

&89g
1 “909
J , .921
2 .936
?3’.951

FJ:;$
50.000
>fj.ol&
bO.02’7
65.0 6

i70.0 3
J:.:&

85:o38
90.028
95.o14
100.000

0
.819
●999

“1.273
1.757
2.491
3:;;9

?3‘*33
4.938
5*397
5.’732
~.;~+

6:058
5.915
5:A;

i .712
h. 128
3*49

12.7 3
2.057
1.327

.622
0 I

o

/365
: 22

1.331
2.592
5 ● ~oz
7.606

10.106
15.101
20.091
25.07
30.06 z

‘i
5.049
0.032

~5 .016
50.000
54.986
5? ● ?7
64.96 c
6 .957
t7 995

5x
.95 2
.962

8.92
;li9.96

100.000

o

i
-. 19
-= 59

-1.059
-1.385
-1.859
-2.221
-2.521

-1.19i
~:g;

.010
0

L.E. radius: 0.687. Slope of radius I
through end of cb.ord:‘0.084 I

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS
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TABI,EIII

ORDINATES FOR CROSS SECTION OF SUPPORT PLATE

Station
—

Distance from
leading edge

(in.)

o
.05
.12
.25

2,50
3,12
3.75
~ooo
6.25
“(.53
10.00
12,50
15.00
17 .~o
20.00
22.50
25.00
27.50

Ordinate I

Distance from
chord line

(in.)

o
.02

8.03 _
.054 .
.060
.085
,11-$1’ ~
:1 5
.187
.200
.227
.250
.269
.~oi
.32?
● 344.
;;~;

.373
●375
.3 ~

1
;[j

.325

.301

.269

.2’50

.227

.200

. ~87

?
.16
.14)
.119
.085
.060

.025
0

L.E.’radius: 0.005

~ ‘- ‘-NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS

.

—

.

.——.



.

.

k

IJACA RM No. L8E28a ;

‘-

Fig.la

.

(a} Front view.

Figure l.- High-aspect-ratio wing mounted on vertical
support plate in Langley 8-foot high-speed tunnel.
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(b] Three-quarter view of right half of wing.

Figure 1.- Continued.

~

d



# .

●

✌

Figure 1.. conCIU~e~

“~

Iiii%



,- CGVTER BLOCK
/ /- LE.

—.

‘-Gz+&r-cmw& - - - -
+-

.
.

FIGURE 2.–WING DIIWENSI(2N6 . ~

\

ZGTON B8

IIA- dv

awn’mlu~

~
r..

. k,

I

lx)



—

Fig. 3

PnoT -

1

s7-Ru7-

PLATEU.4MP-.
..x

TIWNEL WALL

----- --—— —--

+iiii

—

—.

i“

STATIC-
~Lm=

Rm.i..&lif?swJ

Tlh5saNhEcnfa
mow -

\
.- ——.

-

NACA RM No. L6H28a

8.

-mm Am’f

.__. -

— FUYi-PLU-L RODS

— BRAXET

— 15s4RlhG
—E4R

—-—. —

— RWT
— WF.G
—Dsx .

._@w=Yl#lE6%’=3

-
--—- --- —

— —,4R

}.

:. -

.=.

FIGURE 3.–CCJi4flE7_E. 7_l=5T:AI%/?4T@- .
‘~ NATIONAL ADVISORY

,

“?_

..=
*-,:
,—-.

–-+ – A
,

. .

..

COMMITTEEFORAERONAUTICS.

.

. .

i. ”’.-

-.—=.

——L.
r.
,. r

_.. .

-



NACA RM No. L6H28a Fig.4a

.

NATIONAL ADVI.SORY
COMMITTEEFORAERONAltTK~



Pig.4b NACA RM No. L6H218a

-20

-La fl

-A6 ~
\ ,

-L4
( –P Cr

“A2 -
\

\
-Lo—

\
-.8. 1

\ -&- t

-.6 . L

-.4 / -u \ ‘ \
\ \

-.2 ‘ / ‘ JP- - —-— G-- --- - h \
Ar

\
/ b

-------- La%: :Et%ii

NATIONAL ADVISORY
coNNmEE Fw AMDllMmcs-

.“

.8

.

.

.

.-Fi9u7e 4. - Con f)nffed.

.-



NACA RM No. L6H28a Fig. 4C

.

.

.

.

●



Fig.4d

.

NACA R&l No. L6H28a

I I I I I I I I
I I

I I I I I “1 I I I I
I I I I I i I II I I I I I I I I

I t I I I I I I 1 I I

I II 1 I 1- . 1 I I T I [ 1

I b“ I I I 1 1 I , r. , ,

/

/

/ I
4~/ /

/ , m

I f / I 1 I I) / !11A ./ @$&)

w I 1 I I k“ I 1 I I I — \ Y n

5f//
/

-4-r- t ‘< *

11/1 I 1/1 I 1 /4--1 I I I “< “ .3 k- \ ~

I I I i I I I I I -%-I-.A

.

!+l+H+H
? I
I -------- ~wrw=, “w, ~q--

Y I I 1 I
I NATiO~ AOVISORY

I (d) MS 0.800. ‘COHHITTSSW AEWAUTU–

4
I d

I I I i
I I I I I t I I I I I I

) /0 20 ~ 3 /0 90 A

P0-

xl

.

.
.

.

.

.

Figure 4, - Con finued.

.



NACA RM No. L6H28a Fig. 4e

I 1 I I I 4

F’Cr

.

*

Figure 4, - Cofl+;n uP d.



Fig. Af 8 . NACA RM No. L6H28a

—
.

.

=-”.
/

r /
/

~.
/

! ,’/ / * --~

/// (%g)
/

/
/ Qo

A+

/ b 10

U#2er sut#c7ce

.8 “f
-------- Lower SUM-

NATIONAL ADVISORY
1 (~) M = fl. =53 . COKNl~EE_m AERONAUTICS

I 1

@
I I I I I t =+ —

I 1111
0 /0 20 30 40 60 /0

PWcen%”ckmf
90 /00

.

.

.

.



NACA RM No. L6H28a Fig. 4g

.

.

.

.

‘2.0 t

-La

-k 6
.

-44

-L2

-L o

-.8
-.c’ +

-.

-.4

1~
o
I

I .
II “o

.6 !/ A4
I

I U@er suWke
B p — —— — — - -“ ----- Lower sun&7ce=__ _ _ _ _

f (9) “M=O.907. NATIONAL AOVISORY
COMMITTEEFORAERONAUTm

/0 20 30 60 70 aa go /~
Fz%z3S”choRd

kH- 11!111’

4 I

PCr

Figure +, - Con finued.
.



—.
.

.

Fig. 4h NACA RM No. L6H28a

.

.

● ✃

.

.

Fi9um 4, - Cone/udaO’,

-%



NACA RM No. L6H28a Fig, 5a

.

.

.

.

.“

“2X

.2

.4

.6

.8

Ld

o /0 20 30 40 50 60 70 tgo 90 /~
Percent ch~

Figure 5 .- Chord wise pressure
&M-percenf– semispafl sfu+iAn

df”Strjbut~On at *h@



Fig. 5b NACA RM No. L6H28a

ii-li-t-t-t.

.

.

.

.

.

.

Fi9um 5. - con f/wA@ —

.



NAC A RM No. L6H28a \ Fig. 5C .

.

.

-2Q

-La

-A 6

-L4.

-Lz

-Lo

,-.8

I I w II ~
, , , I I

-. ,

n 1 -+7 I I L- 1 f I t I

/ I I 0-- HT
/ ~

,. 1 T
0

/
\ <

‘!!_,_JL________________-_’L‘+ > >- _
w /

1 \
. L

0 - /
/

/ /

.4: -f
(d~g)

Qo #
.6 A4

— L@er suWbce
.8 --” ----- Lower SUN-

(c)/W=oSM&?&~. - “’ I
Lo‘ = NATIONAL ADVISORY

COMMITTEEFa ASROlfAUTKS—

0 /0 20 30 40 80 90 /m

Figure 5. - Cohc/~&d*

Pc)-



Fig. 6a NACA RM No. L6H28a

“’FRTPR%-

I I I I 1 1 I I I 1> -i J\\

“11111111 -VFI+4-I
1

./

COHMllTEEFO&‘AERONAUT-

n —

“o /0 20 3%!!!9%:.)s:.70 ww ‘m
(u)Mf= 0.400.

FIgura 6.– Spunwke Mz%7?%M /h S%z7zw bad%’.

—.

.

—

.

.

,

.
—



.

NACA RM- No. L6H28a Fig. 6b

.

.

.

.

1

r,w ,,n
i ~. J= -

L2 I
. .

(d:g )
1/.

~ \ /0
\

10
\

\
\

.9
\

w
\
Q ,8

\\

\
J - \

,7
~ * \

A

,6 \

.5
2 \ \

\
. \\

,4 “ .
, \ \

\

*3 \ \ \\.

— n
~

,2
~

- \

\ \

,/ I
\

NATIONAL ADVISORY J
- ~.< $DMHITTEE~ AERONAUTICS

o ~~ I I I I
30 40 60 60 70 80 $0 I(X

● Percenf semispcm
(b) A4=0.600.

F@u~ 6.-Continued.

7



—
-----

tiig. 6C “- NACA RM No, L6H28a

/.3

L2 “ \

L/

\ <
Lo

.9 ‘
\

~
4 \

.8

.7
\

\

,6 — — — 2 ~ , p
\ \

\
\

.5
\

\

\ \
.+ ‘

\ \

\ \\
,3 - — — . _ _

o
—

\
\ :

,2
\

,/
NATIONAL ADVISORY \
Ml~EE FORAERONAUTICS

}
.-

0
I

0 /0 20 30 40 50 f50 70 W ~ /00

Percent semkjcmn ●

(c) M=o.7t50.

Figure G. - Continued,

.

.

.

.

-.



NACA R&l No. L6H28a Fig. 6d

.

.

!

.

.

/3 r
,

--- --- -.

~ — — — —

/.2

g-g)

L/
\

\

/,0 \

,9 7

,8 ~

\ \

.7 \
\

,6

‘5 \
\

\
1

.4 ‘ \
\ \ #

,3 ‘ o \
~ \

\ \ \~

,2 ““ \ \
\

./ \

L
‘&OWTTEE F-q AERONAUTICS

o
0

*-

/0 20 30 40 50 60 70--– 80 ~ ‘/00

&rcent semispqn
(09M=0.800.

F)’”gure i%- Con f/Wee’.



-.
—

.

Fig. 6e NACA RM No. L6H28a

R?rcen* $emkymn
&)/V=0.827-

Figure t5.- Con fjn ffed,

. .

.

.

.

.



NACA RM No.- L6H28a Fig. 6f

.

.

.

.

.

.



Fig. 6g NACA RM No. L6H28a

Lo

.3

—

.8 \

\

.7

w 6 ‘
\Q

u

m \

? .4
b

8
\

; ,3 “ I

o“%
*

\

$ ,2
m

./
z / -

0

~ -
-. / ‘ \ /

- -

0 NNIONU AD=V
\ _ / J 8

--2 ‘

COMMITTEEm AmlAlmcs”‘
I I I I

o /0 20 30 40 50 60 70 &o 80 /00
Percent semispan

(glM=O.907.
Figure 6.- Co/?t[nwd.

.

.

.

..



NACA RM No. L6H28a Fig. 6h

.

.

/./

.9

.8

,7

.6

,5

,4

,3

.2

o

I
(L2$g)

\

\

\
\

4
-

\
\

\

2

NATIONAL ADVISORY
COMMITTES FM AERONAUTICS

..
0 /0 20 30 40 50 60 70 80 90 100

F’ercenf semis~ Q/7
(@M =0.925 (uncowzv$z~.

F/”gum 6 .- COnCkfd~d.



Fig. 7

.-

NACA RM No. L6E28a

.

.

.

7

/%%?(s/%Z#nbcwl N NATIONAL ADVISORY

COMMITTEE FOR AERONAUTICS

F/gure 7. — Vb..i
Coe ff/”cA7? Si@?%i$!w%%%’-’’”r”e

.

.



NACA RM No. L6HZ8a Fig. 8

.

.

.

.

.

/0

.8 ~~

NATIONAL ADVISORY
COWflTTEEF~AERONAUTICS—

●

0 z 4 6 a /0



.— ~-_.

Fig. 9 NACA RM No. L6H28a

.

.

.

.

.



NACA RM No. L6H28a
.’

Fig. 10

.

.

.,

.5Z

a
,. &=

.48 -
\
I
I

.44 ~
,

AM
‘y I

v 7<
Z’ A ~~ / /0
~ .36 ‘ o 2J

b
U(9J

L

~ .32 ,
$

t)
NATIONAL ADVISORY

COMMITTEE FORAERONAUTICS_
\

t* .28 ‘

3

.24 r I I I

.4 .5 .6 .’7 .85 .s Lo
Mach number, M



Fig. 11 NAC~ RN NO. L6H28a

.48

.

“—

.

.

.

—
.



NACA RM No. L6H28a Fig. 12

7
M!ch numbcw, w



Fig. 13 NACA RM No. L6H28a

.C)u” L } \ —
“

-R

8
I

\ ,/. ..

-.2,~’ 1 .; I

..6 “.7 .8 .9 10

.

.

.

.

.

—.

----

.

.-



, , ,

“~
3
IJ

5
(1

o
Percent sem)span

(a) M=O.400.
Figure M.- Spc3n wise vuriqtlon in section momen~ ?ackr.

*



Fig. 14b

●

—

NACA RM No. L6H28a

.

.

.-

-,/0 .. CL
.

\ \ /

\
@ \

\

$706 \
\ ‘

*
u / /

/
G /

b -.04
\ \

“NATIONAL ADVISORY
COMMITTEEFORAERONAUTICS

-.02

f)

90 /00

\

F&rcenf semispon
(b)M=o.6oo -

Figure B.- Continue .
I

—

.

.

—

—
.

.



NACA RM No. L6H28a Fig. 14c

-’-”

7/4 L

-,/2
— — — — — — —

\
-./0

\

% -.08
\

\w
Q‘m
u -.06
~ NATIONAL ADVISORY

COMMITTEE FOSAfROMAUTKS

-0$ \ \

-m

o
0 10 cm 30 +0 50 70 80 W AX)

Rement semismcw

F/gure /4.-ConFinued. “’-0:



.

Fig. 14d NACA RM No. L6H28a

.

-22

-@ ‘

-.18

“–./6 \

I -k I I \l I I

“+bk+st+

I

hi I l\l I l–-
AI VIN II

[+3+3< i

\ \
Illlllhhh \

\

1111111 !
I
NATIONAL ADVl&ORYI 1

lsJ\
CO!lHITtEE FOPAEROIIAUTICS-

\

1 I I I I I I

m
‘O 10 20 30 40 S 60 70 80 ~ lm

Percent sernlspcm
(d)M=o.aoo -

F)gime /4.- Con77nued.

.

.-.

.

.

.



NACA RM No. L6H28a

>

.

.

Fig. 14e

..20 ~
L

–./4)
\ I

\
(deg) ‘

\

–.}6 — —

%
$ –./4 ‘

\ /
// y

:! ,2
-
- \ \

-. \ \ \
\

\
y 10

\& \
\

-.@

\

-.& \

\

-.

I

P \ \
\

\\
\

-.02 NATIONAL ADVISORY \
COMMlrrEEFORAERONAlmCS

I.

0-
0 /0 20 30 * ~ 70 80 90 /00

Percent semi5pon
(e)A+= O.827.

Fjgure/4.- ConY/hued,



Fig. 14f NACA RM No. L6H28a -

-.20 -,
\ . ,

-.18 \

k!%\

-.16 — -

3
@ \

// //, ‘
u k
G

/
u .,/2 \ \ \

\
\

/
/ \

-, /0 \
.

\
\

\\
\

-.08 \
\

\
\

\ \

-.& \ \
\

\ \
\

\

-,04 \ \ \
\ .

\
-.02 “ ~

‘ NATIONAL ADVISORY
COMMITTEE FORAERONAUTICS

A

.

.

.

.

.

.

“O /0 20 30 @ 50 60 70 80 90 ILZI
Percent semLspun
(f)m=o.&153 .

Figure /4.- Coz#}nued.

.

.



.

.

NACA RM No. L6H28a Fig. 14g

-.22

-. 20
\

-.18 \

-,\6

-./4 (s%-)

-./2

\ / /
-./0 /

\
{

/

-.08
/Y{

-.& /Y

/
\

//
\

-.04 )

/

-.02 ~ —

— / ~
//

“Httttt

\l

\

\
I I I /A I

A
I /,4=

/
/1 I lx

II

/ I

/1
-&

.02 /
f

w i/
/ —

/
.(25

liJ-iWiiii “’7’-”” ‘ ‘ -“”sow
INAUTICSI I

--1 Iwnml. AUV13
~)tW’TEEFOEAfROl

I I

1

/0 .22 30-40 50 ‘–d 70 80 SO ~~
Percen+ sem/span

(u)/w =0.QO7 ●

Figure /+.- Con finud. “-



Fig. 14h NACA ..~ No. L6H28a

T26

-.24

-.22 \

-.20 CC

-./8
,

\ /‘/1I

-./’6

—,,7

Iii

F@r@ /4.- Conduakd.

r

1
“

.



.

NACA W No. L6H28a Fig. 15

w I
-. /6 Cho4e

I

[ I I I
4 .5 .6 .7 .B .s Lo

Mc7’ch /7umber, /%’ NAilONAL ADVISORY
.

COMMITTEE FORAERONAUTICS
Fiy-e /5 .— /.b’r;of/’o#of A/q pifch;fl9-

Z70men+ coefficient wi~h M#ch flu~be~



NACA RM No. L6E28a

,:..

L

.

@3

+2

\

\

NATIONAL ADVISORY

7/6 ~ I I I COMMITTEE FOR AERONAUTICS

~L

.2 0 ,&---- . .6 ~ ,+3 @
Norm al-force coe ff?en< C~

F/gure /6-.- Variation of winq p;+chinq -
moment coeff}’cient ~ifh normal-force
cOeffl Cien+.

9

●



NACA RM No. L6H28a Fig. 17 ,

● ✎

y
n.

I Aw

I I I .

/

f

I
, , . m 1 t m 1 —----- .

1 i I I I 1 I I

t I
.6 .7 .s .9 k

Much mu-her, M’ NATIONAL ADVISORY

7



NACA RM No. L6H28a

.08

.0?

.6?6

&5
u

.0/

I I I /1/1 f I

—ttT#trt-

Ymzwr / I
--—- / I 1 , 1

I I IIY I J/ :6czyf
I Y I IA2.4C0

4

I / I I /1 I // I

~~71JXL
NATIONAL ADVISORY

o COMMITTEE FORAERONAUTICS

72 0 .2 4 .6 .s 40 D

G’

F/gU/-e /z?.– VOriu f ion of win
?’

~r-ofilp - drug
coeFFic/”enf with n0?-??70 -f Orce co @f flc/”e/?k

-., .



NACA RM No. L6H28a Fig. 19

.06
.* *- .%.4...4~

. .

.05 “

e“
“*#

$
.b
Q

k

~b/sq ft)

.03 GO>
eo~

Q
0)p,Ojg, -
Q

.0/
NATIONAL ADVISORY

COMMITTEE ~ AERONAUTICS

●

‘.’ .

I 1 1

.7 .8 .Q /0



Fig.20a

.

●

✌

NACA RM No. L6H28a

./2

.08

.04

0

●

d

_——



NACA RM No. .L6H28a Fig.20b

.-

.08

fi#i

I I
‘ \\

o

\\ \

I I I I
NATIONAL ADVISORY

\ ‘} I COMMITTEE FORAERONAUTIIcs

F/-gupe 20.- Con+iflue d.



Fig. 20c NACA RM No.L6H28a

.40

.36

.32

.28

.24

./2

.08

.04

0

Much numb Pr

~0.760 —
-e(x) — —
,8&”3– – – –

_.dl/?o —–—d

=+%7(2 20 e a7 so /00
D/*e*/7ce? C7260w chord L%) ptl?rck?d CA-Y

F/gU/-e 23. –~ “e”. NATIONAL ADVISORY
COMMITTEE FOlt AERONAUTS

\

——

-.

*

.-



i

(

~’~

IQACA RM No. L6H28a
.,

Fig.21a



-.

Fig. 21b NACA W No. L6H28a

—

F/9ure 4?/ . — Con c/o d~d, NATIONAL ADVISORY
COMMITTEE FORAERONAUTICS.

t-

k

-. . —-


